able to divide them into 4 types apparently on the basis of morphological and fermentative properties. Their types I and II fermented glucose only; type III fermented glucose and sucrose; and type IV, glucose, sucrose and lactose. Types I and II and some of the strains of type III produced indol. Agglutination tests were unsatisfactory. They present a comprehensive review of the literature.
It is evident from a survey of the literature that information concerning the fusiform bacteria of the mouth is, for the most part, vague and contradictory. Consequently, it seemed to be important to study these bacteria in an orderly manner, with a view to determining the number of well-defined varieties that could be grown in pure culture, and to determining the characteristics of each variety as a basis for systematic arrangement. Such a study has been made of 104 strains of fusiform bacteria isolated from the mouth and grown in pure culture. The present paper presents the findings of the investigation, and suggests a simple, tentative classification.
METHODS AND MATERIALS
Culture media: No single culture medium proved to be ideal for the primary isolation of all species of fusiform bacteria. Two species were most easily isolated on 5-per-cent rabbit-blood agar, containing gentian violet, 1 part in 5,000. A third species was more conveniently obtained on fresh 10-per-cent potato-extract agar (Slanetz and Rettger, 1933) were employed. Tests were observed for 14 days. Negative tests were always repeated. Douglas' broth was used in tests for indol production. Acid production was measured in Douglas' broth containing glucose, as already reported . Observations for motility were made by darkfield examination and by the use of semi-solid media .
Technique for primary isolation from the mouth: For the primary isolation of fusiform bacteria from the oral cavity, material from the chosen site was collected on suitable dental instruments and suspended in a few drops of Douglas' broth. It was then cultured, as already indicated, on gentian violet, potato-extract agar and gentian-violet rabbit-blood agar. (The dye apparently does not inhibit Fusiformis. It should be noted that, as the gentian violet does not kill, but merely inhibits certain bacteria, it is essential to streak the picked colony on a dye-free medium, in order to be sure that no other organisms are present.) Incubation was carried out in Fildes-McIntosh jars at 370C. from 3 to 7 days.
Source of strains: The strains of Fusiformis were isolated from gingival crevices in "normal" mouths, from cases with deep caries, inflamed areas around crowns and fillings, pyorrhetic pockets, Vincent's infection, and from the mouths of 3 monkeys and 2 rabbits. One hundred and four strains were isolated and grown in pure culture.
Methods for obtaining anaerobiosis: To obtain consistently good surface colonies of bacteria belonging to the genus Fusiformis, a technique which will provide excellent conditions for anaerobic growth must be employed. In our hands, the use of Brown's (1922) 1, 1.5, 2, 4, 6, 8 and 24 hours, a loopful was streaked on rabbit-blood agar, and incubated anaerobically to determine viability. Resistance to heat was tested by pipetting 3 cc. of a 72-hour culture into sterile test tubes, which were immersed in water baths at 50, 52, 56 and 60'C. After intervals of 2, 5, 10 and 15 minutes, samples were removed and the viability of the bacteria tested.
FINDINGS
As a result of the detailed study of 67 strains of Fusiformis, it has been found that 3 morphologically distinct varieties can be isolated with ease from almost every adult mouth. The average dimensions of organisms of each group are sufficiently constant to make a morphological grouping useful. Since the colony form for each of the morphological groups is characteristic and sufficiently distinctive to permit easy recognition, it has been found convenient to regard these 3 morphological varieties as 3 "species." Such a procedure is open to question, for the fusiform bacteria are notoriously pleomorphic. However, as this grouping was supported by colony form and certain growth characteristics, it was of practical value to consider these "species" separately. Although our findings are not identical with those given by Bergey (1934) in his "Determinative Bacteriology," it is convenient, tentatively, to use his names for our 3 "species." A detailed description of each "species" follows.
Fusiformis nucleatus: The group to which the species name F. nucleatus is applied is composed of straight, pointed, Gram-negative rods showing usually 1 or 2 deep-staining granules. The organisms are from 3 to 5, in length and from 0.5 to 0.7kA in thickness. They often appear in pairs and tend to clump in a characteristic manner (plate 1, figs. 1 and 2).
On 5-per-cent rabbit-blood agar, the colonies of this "species" are round, convex, greyish-white, entire edged, from 0.5 to 1 mm. in diameter, with a smooth and glistening surface. The growth emulsifies readily and is not adherent to the medium. The internal structure of the colony is distinctive, for it appears to be filled with many small white flecks suspended in a light grey medium. With light held at an angle of 450 to the line of vision, In Douglas' broth a good growth occurs at the bottom of the tube, if incubation has been carried out in an anaerobic jar. On shaking, the broth becomes uniformly turbid.
Much variation in saccharolytic activity was noted among the 24 strains studied. The results of the fermentation tests are recorded in table 1. Four of the strains refused to grow on ascitic fluid agar although they grew well on rabbit-blood agar. Indol was produced by all of the strains and the pH of the test solution was slightly depressed. None of the strains grew in peptone On 5-per-cent rabbit-blood agar, the colonies of this "species" are greyish-white, round, convex, entire edged from 1 to 2 mm. in diameter, with a smooth and glistening surface. When mag- 2, fig. 6 ). The cells from such colonies were atypical, showing many odd-shaped forms. No motility was observed in cultures.
Pure cultures survived exposure to air for 4 hours on the average. When mixed with an aerobe, survival was extended to 24
hours. The 4 strains tested survived 500C. for 15 minutes, 520C.
for 10 minutes and 560C. for 5 minutes.
Fusiformis dentium: The group to which the species name F. dentium is applied is composed of the largest culturable type of fusiform bacterium. The organisms are straight, or slightly curved, sharply pointed, Gram-negative rods. In direct smears from the mouth or in the first culture, the bacilli occasionally show Gram-positive granules. The cells often occur in a tandem arrangement (plate 3, figs. 1 and 2).
The colonies of this "species" are circular, from 1 to 3 mm. in diameter, shaped like a low cone, with a surface which resembles hammered copper or which may be wrinkled and pitted. The Pure cultures survived exposure to air for 1 hour and, when mixed with an aerobe, survived for 4 hours. The 4 strains tested survived 60'C. for 2 minutes, but not for 5 minutes.
Observations on films from the mouth: The examination of films prepared directly from the mouth revealed that organisms morphologically resembling the cultivated species were present in great numbers in adult mouths. In addition, a fourth morphological variety was often found, especially in instances of marked inflammation. This organism was sharply pointed, granular, curved, from 10 to 20 it in length and about 1.2 A in thickness. This form has not been duplicated in culture, but resembles the granular forms of F. dentium (plate 3, fig. 3 ). Whether this uncultivated fusiform organism is a distinct species, or a variant, of F. dentium, has not been determined. Correlated studies of the spirochetes seen in smears from the mouth and the cultured fusiform organisms failed to support the possibility of a generic relationship between these types of microorganisms. In over 60 per cent of the stained film preparations of F. dentium, definite spiral forms were found. Similarly, many preparations of F. polymorphus showed wavy, filamentous forms. However, these spiral forms bore but a superficial resemblance to oral spirochetes, and their size and staining reactions made it apparent that the wavy forms were all Fusiformis. Furthermore, when examined under the darkfield microscope, they never exhibited the motility or flexibility which characterizes the oral spirochetes.
DISCUSSION
On the basis of the findings presented in this paper, it appears that the fusiform bacteria of the mouth include 3 or possibly 4 morphological "species." Three "species" of Fusiformis have been readily cultivated from almost every adult mouth. In no instance has one morphological "species" changed into another. Some of the strains have been carried for 18 months through many culture generations without loss of the original characteristics. It is felt, therefore, that the groups may be regarded with some justification as distinct "species." Fermentation tests have indicated that each of the 3 cultivated "species" can be divided into varieties, but careful checking of these "species" and varieties has failed to show any correlation between morphology, colony form or biochemical reaction and the source of the strains. Consequently, until the significance of the various "species" is established, it seems of little value to subdivide them.
It has been impossible to correlate all of the published classifications of Fusiformis, for the information furnished has not usually been of the type to make comparisons feasible. It is probable, however, that the "species" which we have designated as F. nucleatus includes Varney' Slanetz and Rettger (1933) , who worked with 53 strains. In repeated tests, using the media they recommended and, in addition, ascitic fluid carbohydrate agar, we were unable to duplicate their findings. It is conceivable that the greater saccharolytic activity of our strains of Fusiformis might be related to differences in the anaerobic conditions under which the tests were made.
It is apparent from the literature and from our observations that most of the suggested classifications of the fusiform bacteria have little value and that the majority of them are based on incomplete studies. The only proposed classifications, which embrace all the types we have observed, are those of Slanetz and Rettger (1933) , based on fermentation reactions and of Bergey (1934) , based on morphological differences. Since our studies and those of Bibby and Knighton (1937) have failed to show the correlation of colony form, morphology and biochemical properties described by Slanetz and Rettger (1933) , we cannot accept their classification. Although Bergey's classification does not list all the features observed by us, it appears to be the most useful basis for differentiation of the fusiform bacteria. We suggest, therefore, the employment of Bergey's division of Fusiformis into the "species" F. nucleatus, F. polymorphus and F. dentium as a useful working basis for further work.
SUMMARY
One hundred and four strains of fusiform bacteria have been isolated from the mouth and studied in pure culture. The results of these observations are presented in detail. On the basis of these studies, it appears useful to divide, tentatively, the genus on July 13, 2017 by guest http://jb.asm.org/ Downloaded from Fusiformis into 3 "species," Fusiformis nuldeatus, Fusiformis polymorphus and Fusiformis dentium. These are the names used by Bergey (1934) , and although our findings are not in complete agreement with those listed by him, our differentiation into "species" is based on well-defined morphological and cultural differences. Certain biochemical characteristics of each "species" are discussed. While fermentation tests indicate that each "species" can be divided into varieties, we feel that further subdivision of Fusiformis at present has no practical value. 4.
